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Approved for public release; distribution unlimited. An important result from the 1981 observations, however, is that the combined observations from an HF sounder and a continuous scintilla-* tion monitor can be used to detect and localize spread-F structures.
Thus, these comparatively simple and inexpensive monitors can be used for future field campaigns that need such information, but may not have access to or resources to support sophisticated backscatter radar * measurements.
A number of unanswered questions remain regarding the onset and * occurrence patterns of equatorial spread-F. Nonetheless, naturally * occurring equatorial spread-F is a ready source of intense, well-diagnosed * structure that can be used to evaluate the performance of various systems in disturbed propagation environments. As an example, as yet there is no verified theory that can be used to reliably predict the enhanced delay * and Doppler spread on HF modes that pass through striated regions. Indeed, such effects are not incorporated in existing nuclear effects codes. The diagnostic methods developed under this contract and summarized in this * report can be used to locate the structured regions if equatorial HF experiments are conducted to obtain data on this phenomenon.
PREFACE
The assistance of N. B. Walker in analyzing the scintillation data and M. D. Cousins for assistance with the field operations is gratefully * acknowledged. The ionospheric irregularities that develop in the nighttime equatorial F layer, which are collectively referred to as equatorial spread F (ESF), are characterized by a spectral density function that subtends six orders of magnitude in wavelength (< 10 cm to > 100 km).
Considerable progress has been made over the last decade in understanding the dynamic evolution of large-scale equatorial plasma-density depletions 1* or bubbles, which mnifest themselves in a variety of ways, e.g., radar bakcterpue 2 mas 3 , 4 backscatter plumes and dark bands in 6300-4 airglow all-sky maps Numerical simulations of the equatorial ionosphere have reproduced all 5-7 the main features of the plumes.
Indeed, the most recent analyses by Zalesak et al. have accommodated the velocity-sheer effects produced by an eastward neutral wind and a finitely conducting E layer at the ends of the unstable geomagnetic flux tubes.
Radar backscatter and incoherent scatter measurements using the fully steerable ALTAIR and TRADEX radars, located near the geomagnetic equator in the Pacific sector, have added considerably to our detailed knowledge of the onset, dynamic evolution and decay of backscatter 9-12 plumes.
Indeed, understanding the physics of the small-scale irregularities that cause the enhanced backscatter is progressing rapidly,.i 3-6 A summary of the data collected with the ionosonde and the u-Wide--nd system is given in Table 1 . The Julian day and date (universal time) are given in the first two columns, followed by the times of operation for each instrument. The v-Wideband system was set up first,
and it started to operate on August 13. The ionosonde was checked out and turned on a day later. Data were collected over 14 days; simultaneous measurements were obtained on all but three days.
..° Altitude variations of the nighttime F layer are important in understanding equatorial electrodynamics and the processes that produce ESF irregularities. The altitude of the bottomside of the F layer is assumed to be identical to the minimum virtual height of the F-layer trace, h'F.
Bittencourt and Abdu 2 7 and Tsunoda and White 12 have shown that h'F is a reasonably accurate measure of the bottomside F-layer altitude when the altitude in question is above 300 km.
Passage of highly structured regions in the F layer over the ionosonde is manifested in three ways:
(1) By the occurrence and dynamics of oblique echoes, The descent velocities are nearly the same as the ascent velocities; thus, the period that the F layer remains above 300 km, for example, is similar for 1979 and 1981. : -.-.. . ., , , ., , , , , , .= _ .= . . ., , . .., -, 
Longitudinal Dependence
The Kwajalein h'F characteristics can be compared to results obtained at other longitudes to shed some light on the question of longitudinal dependence of ESF and scintillation activity. Both in situ 3 2 ' 3 3 and scintillation 3 4 measurements indicate that the six-month difference in the seasonal scintillation maximum between the Asian (e.g., Kwajalein) The fact that the electrodynamics of the F layer has a similar solar cycle dependence at both Jicamarca and Kwajalein is significant because the two stations have seasonal differences in ESF activity.
Livingsto ev showed that scintillation activity at Kwajalein and Ancon, Peru (near Jicamarca) both have a broad eight-to nine-month maximum centered on local summer, but, because Ancon (and Jicamarca) are in the Field-line integration would remove any seasonal dependence.
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To complicate the issue further, a conducting E layer at the ends of the flux tubes can strongly influence the growth rate of instabilities. 5 Thus, further experimental and theoretical work will be required to resolve the detailed mechanism of ESF control.
B. Scintillation Measurements
It has been known for several years that there is a close association between the occurrence of VHF/UHF scintillation and ESF as measured For display purposes, we have used the Doppler spread, which we define as the reciprocal of the time to a 50-percent intensity correlation. This was done to obtain a measure directly proportional to the perturbation strength. The interpretation of the Doppler spread is potentially ambiguous because the conversion of the spatial structure to the temporal structure that is actually measured depends on the velocity component transverse to the line of sight.
The irregularity drift rates are, however, slowly changing quantities as indicated by the observation of plumes on backscatter radars.
Moreover, we shall show that the Doppler spread enhancements are well correlated with a recurrent pattern of oblique echoes and local upwellings of the F layer.
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The scintillation results are presented in two subsections. In the first, we describe the general characteristics of the S 4 index and the Doppler spread as a function of time. In the second, we relate the Doppler spread to oblique echoes seen in ionograms.
General Characteristics: S 4 Index and Doppler Spread
Plots of the computed S4 index and Doppler spread for each of the 12 nights of operation listed in Table 1 are presented in Figure 6 .
The upper panels show the Doppler spread variation as a function of UT.
The corresponding variation of S 4 is shown in the lower panels. Periods of ESF activity as scaled from the ionograms are indicated by the horizontal bars labeled ESF. The observation can be explained as follows:
(1) Under strong scatter conditions, the scintillation structure at UHF (and lower frequencies) is dominated by irregularities with scale sizes greater than one kilometer--the intermediatescale regime defined by Livingston et al. begins, it appears to persist as long as the scintillations persist.
We note, however, that backscatter plumes need not persist throughout "'" priod40 -the entire ESF period.
We have already noted that the enhanced Doppler spread events are similar in character to backscatter plumes. Our preliminary comparisons are made by plotting an h'F curve Figure 7 and 0800 in Figure 8 ) corresponds to the postsunset rise of the F layer and is, therefore, not associated with a true upwelling.
For the remaining events, we would expect upwellings to occur approximately ten minutes before periods of enhanced Doppler spread.
In Figure 7 , the Doppler spread enhancements at 0915 UT, 1040 UT, and 1115 UT admit such an association as do the enhancements at 0845 UT and 1020 UT in Figure 8 . The less prominent Doppler spread peaks are evidently associated with smaller substructures within and around major upwellings that cannot be resolved by ionosonde measurements.20 To explore this possibility in more detail we have noted the times in Encouraged by this relationship, we reanalyzed the ionograms by using a variable-speed (and reversible) movie projector to extract times at which less prominent oblique echoes appeared. These ionogram features are related to the scintillation measurements in Figure 9 . We find that oblique echoes occurred throughout periods of ESF activity and that they appear to account for the maxima in Doppler spread.
These results show that local enhancements in scintillation The analysis of the ionograms included a comparison of h'F and ESF characteristics over the past five years (1977) (1978) (1979) (1980) (1981) . We found a definite dependence on a solar cycle that was characterized by a higher F layer and increased ESF activity during periods of higher solar activity.
The behavior of the F layer over Kwajalein was consistent with those at ' other longitudes, in particular, that over Jicamarca, Peru. The seasonal dependence is consistent with those reported by other researchers. 46 -4 9 The cause of the seasonal/longitudinal variation, however, remains to be explained.
The results are, however, consistent with the onset, dynamic evolu-28 tion and decay of radar backscatter plumes, which delineate large-scale 1 depletions.
The association of enhanced Doppler spread with the upwellings or (by extrapolation) depletions is consistent with the simultaneous in situ and multifrequency scintillation measurements reported by Rino 19 et al.
They found that the most intense scintillations developed in high-density regions adjacent to the depletions, hence the close association between plumes or upwellings and enhanced Doppler spread.
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For the purpose of detecting regions of highly structured ionization associated with ESF, a simple VHF or UHF amplitude scintillation receiver and digital data acquisition system is very effective. The enhanced Doppler spread locates the most intense plasma microstructure. By continuously monitoring an ionosonde, the dynamics and macrostructure of the background ionosphere can be monitored. Thus, the two instruments working together provide a means of obtaining comparatively inexpensive synoptic measurements of ESF.
34
D%%
